INTRODUCTION
＊ AIP advances 6, 055012 (2016) より転載。 a bolometer is its temperature coefficient of resistance (TCR), which is defined as | (1/ρ)(dρ/dT) |, where ρ is the resistivity or resistance and T is the temperature of the material. The TCR value of VO 2 reaches more than 70%/K near the MIT temperature (T MI ) 9) , which is more than ten times that of conventional uncooled bolometer materials such as Si or Ge. [10] [11] [12] However, VO 2 shows a large thermal hysteresis in the ρ-T curve across the MIT. The hysteretic behavior indicates the coexistence of two phases over a finite temperature range due to superheating and supercooling effects, which is a characteristic of the first-order transition.
The thermal hysteresis in the ρ-T curve results in poor measurement reproducibility in IR sensing.
Consequently, thermal hysteresis has to be minimized to realize high-sensitivity uncooled bolometers based on VO 2 .
Doping of VO 2 with metal ions has been employed as a means of suppressing its thermal hysteresis; 13, 14) however, doping with metal ions also gives rise to a reduction in the TCR of VO 2 . We previously conducted a systematic study of the TCR and thermal hysteresis in VO 2 doped with Cr or with Nb, and we found that there is a correlation between the TCR and thermal hysteresis, which is independent of the doping element 15) . Our findings implied that a high TCR and the absence of thermal hysteresis were difficult to achieve simultaneously in single-element doped VO 2 . 17) . The film thickness was set at 70-110 nm, as confirmed by using a surface profiler. Note that there were no significant differences in the structural or electronic properties of the films within this thickness range. The resistivity of the films was measured by conventional four-probe methods using Ti/Au electrodes. Transport properties were examined by using a physical property measurement system (PPMS; Quantum Design), and the temperature sweep rate was set to 0.3 K/min. MI 15, [18] [19] [20] .
These tendencies are maintained in co-doped VO 2 .
As seen in the top panels in The bottom panels in Fig. 2 show that for singleelement doping, ΔT MI also decreases monotonically with increasing dopant content and that it is reduced more efficiently by doping with Nb than with Cr.
Note that the ΔT MI is defined as the difference in the temperatures at which a film has a given resistivity (ρ MI )
during the heating and cooling phases. For this study, we choose ρ MI as the value of ρ at the temperature of the TCR peak in the heating process 15) . In contrast K, which is compatible with a BEOL process 17) . By using the TiO 2 -buffer technique, we deposited V 1−
x−y Cr x Nb y O 2 films on SiO 2 /Si (100) substrates to realize both large TCR values and an absence of thermal hysteresis. Fig. 4 shows the ρ-T curves for the We have investigated the effects of co-doping of 
